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METHOD AND APPARATUS FOR TRANSFERRING 
WAFERS BETWEEN CASSETTES AND A BOAT 

This invention relates to methods and apparatus 
for transferring wafers of the kind used in the 
manufacture of semiconductors between cassettes and a 
wafer carrier boat of the kind used in a furnace. 

This invention relates also to methods and 
apparatus for loading and unloading a boat into and out of 
a vertical furnace. 

Wafers are made of a substrate material (e.g. 
silicon) which is relatively brittle. The boat used for 
supporting the wafers within a heating and/or processing 
chamber of a furnace is also usually made of a material 
(e.g. quartz) which is relatively brittle. And the 
coatings on the wafers and the boat are often brittle 
enough to be rather easily fractured. All of these 
materials are therefore subject to chipping or flaking if 
an edge of a wafer hits a cassette or boat in the course 
of transferring the wafer between a cassette and a boat- 

The transfer of wafers between a boat and a 
cassette must be done with great precision in order to . 
avoid any chipping or flaking contact between an edge of 
the wafer and a cassette or a boat. 

If any such contact is made, and if any material 
is chipped or flaked off of a wafer or a boat, the 
electrical circuits on the wafer can be damaged. The 
circuits are densely packed together and have conductivity 
lines or paths which are of such extremely small size that 
any foreign material, such as particles of silicon, quartz 
or coatings, cannot be tolerated. 

The wafers which are to be loaded in the boat and 
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heated in the furnace are supplied to the furnace loading 
system stacked in slots in cassettes. The wafers must be 
transferred from these cassettes to the boat prior to the 
placing of the boat in the heating chamber of the furnace, 
5 and the wafers must be removed from the boat and returned 
to cassettes after the wafers have been subjected to a 
heating and/or processing cycle in the furnace. 

In transferring a wafer between a cassette and a 
boat it is desirable that the transfer be done by an 

10 automated mechanism which can operate in a clean 
environment without manual intervention. 

It is also generally desirable that a single boat 
be large enough to handle the contents of a number of 
cassettes, because a substantial amount of time is usually 

15 required for each process cycle. Processing more wafers 
at one time increases the production rate. 

In order to be able to load a relatively large 
number of wafers from a number of different cassettes into 
a single boat, the loading mechanism has to be able to 

20 move a wafer vertically, radially and in a circular arc in 
the course of picking up a wafer from a source (a cassette 
or the boat) and transferring the wafer to a destination 
(a boat or a cassette) . 

The mechanism for transferring the wafer must 

25 therefore be precise in its construction and operation. 

It must also be able to accommodate the variations 
or differences in the actual positions of wafer centers 
from the expected or the calibrated positions of wafer 
centers resulting from dimensional tolerances that are 

30 inherent in the system. This variation or offset of 
wafers centers must be determined and effectively 
corrected if the unacceptable edge contact between the 
wafers and the boat and cassettes is to be eliminated 
during the transfer operations. 

35 

It is an important object Of the present invention 
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to move a wafer throughout a wafer transfer mechanism of 
the kind referred to above without any contact of the 
edges of the wafer with the boat or the cassette. 

It is a related object to eliminate the effect of 
5 inconsistent wafer handling due to variations in the 
outside diameter of a wafer being transferred, .This 
object is accomplished by looking at both edge boundaries 
across a circular arc of a wafer during the course of a 
transfer of the wafer between a source and a destination 

10 in the system. The effect of variations in the outer 

diameter of a wafer is then eliminated by measuring the 
actual offset of the center of the wafer with respect to 
the center of a paddle carrying the wafer f and the paddle 
is repositioned by the lateral amount (or angular 

15 rotation) necessary to compensate for this measured 

offset. This puts the wafer, and not the paddle, on the 
true center location required for subsequent transfer of 
the wafer to the destination. 

Mechanical displacement errors will occur when a 

20 wafer is picked up by a paddle due to system variations 
and wafer diameter variations. By measuring the actual 
offset, the center of the wafer relative to the center of 
the paddle can be determined. The paddle is then 
repositioned by the lateral amount (or angular rotation) 

25 necessary to compensate for this measured/calibration 
offset. This eliminates all errors introduced during 
wafer pick-up and allows the system to conserve all of the 
available tolerances for the very critical wafer delivery; 
and this is an important object of the present invention* 

30 It is another object of the present invention to 

use a turntable and two boats in a boat exchange mechanism 
in a way such that one boat can be undergoing a wafer 
loading/unloading operation at one wafer loading station 
while the other boat is supportable on the turntable at a 

35 processing chamber loading/unloading station. The boats 
are transferred between the wafer loading/unloading 
station and the processing chamber loading/unloading 
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station by rotation of the turntable. 

In one specific embodiment of the present 
invention, a furnace system for heating and/or processing 
wafers comprises a wafer transfer module which is 
constructed to position a number of cassettes and a boat 
near a wafer transfer mechanism* The cassettes hold 
individual wafers in individual slots in the cassettes, 
and the boat has a number of slots for holding wafers to 
be processed when the boat is loaded in a processing 
chamber . 

The boat is held in an upright position at a wafer 
loading/unloading station while wafers are transferred 
between the slots of the cassette and the slots of the 
boat. The wafer transfer mechanism has a paddle which 
picks up an individual wafer at a source (a cassette or 
the boat) and carries the wafer to a destination (the boat 
or a cassette) • The wafer is held on the paddle by a 
vacuum system having openings in the upper surface of the 
paddle which are covered or closed by the underside of the 
wafer. The paddle is movable vertically to pick-up and to 
deposit a wafer. It is also movable radially into and out 
of a cassette and into and out of the boat. The paddle is 
also movable in a circular arc in the course of making a 
transfer. 

The wafer transfer mechanism includes vertical, 
radial and rotational motor drives for moving the paddle 
in the respective vertical, radial and rotational 
directions . 

A controller controls the actuation of the 
vertical, radial and rotational motors. 

The wafer transfer mechanism includes a radial 
sensor for sensing the amount of radial movement of the 
paddle which is involved in withdrawing a wafer from a 
cassette or from the boat. 

The vacuum system of the paddle provides a 
vertical sensor signal for sensing the vertical position 
of a wafer in a slot in a boat or a cassette (in addition 



to holding the wafer on the paddle as described above). 

A theta sensor is also used to sense and to 
measure the amount of any offset of the center of the 
paddle with respect to the center of a wafer carried on 
the paddle. 

The three sensors are operatively associated with 
the controller for establishing (by a calibration routine 
performed in three coordinates) the expected center of a 
wafer in each cassette slot and in each boat slot. 

The theta sensor is also operatively associated 
with the controller to detect and to compensate for any 
lateral offset of the paddle center with respect to the 
wafer center as might occur during the actual transfer of 
a wafer. The controller repositions the paddle laterally 
by the amount of rotation required to eliminate the offset 
so that each wafer can be delivered to a slot location 
with the actual center of the wafer, and not the paddle r 
on the true center location required for the subsequent 
transfer of the wafer to the destination. The wafer 
therefore goes into the slot with the desired clearances 
between the edges of the wafer and the edges of the slot. 

The amount of offset is determined by looking at 
two opposite edges of each wafer on the paddle. 

Finding the location of both edges permits the 
wafer transfer mechanism to move the wafer with reference 
to the actual location of the wafer in the transfer 
mechanism rather than with reference to the uncorrected 
position of the paddle. 

This in turn effectively eliminates the large 
variations in the location of the side edges of the wafer, 
which variations are otherwise inherent in the wafer 
transfer system. 

By locating the true center of the wafer on the 
paddle, the wafer transfer systems can then insert each 
wafer into its destination with high precision and without 
any contact of the edges of the wafer with the structure 
of the destination. 



Wafer transfer apparatus and methods which 
incorporate the features described above and which are 
effective to function as described above constitute 
further ., specific objects of this invention. 

Other and further objects of the present invention 
will be apparent from the following description and claims 
and are illustrated in the accompanying drawings which, by 
way of illustration, show preferred embodiments of the 
present invention and the principles thereof and what are 
now considered to be the best modes contemplated for 
applying these principles. Other embodiments of the 
invention embodying the same or equivalent principles may 
be used and structural changes may be made as desired by 
those skilled in the art without departing from the 
present invention and the purview of the- appended claims. 



Figure 1 is an isometric view, partly broken away 
to show details of construction, of a furnace system 
constructed in accordance with one embodiment of the 
present invention . 

Figure 2 is an isometric view, partly broken away 
to show details of construction, of the wafer transfer 
module mechanism of the furn^ system of Figure 1. 

Figure 3 is an isome ; view showing details of 
how wafers are inserted int removed from slots in a 

boat during a calibration c: .oat used in the furnace 
system of Figure 1. 

Figure 4 is an enl *d view taken generally along 
the line and in the direction indicated by the arrows 4-4 
in Figure 3. I 

Figures 5A through 5C are enlarged, fragmentary 
plan views showing how a paddle of the wafer transfer 
module mechanism of Figure 1 is moved in an arc above a 
theta sensor in the course of calibrating the center of 
the paddle. 

Figures 6A through 6C are enlarged, fragmentary 



plan views (corresponding to Figures 5A through 5C) but 
showing how the theta sensor is used to find the actual 
center of a wafer carried on a paddle. Any lateral offset 
of the center of the paddle with respect to the center of 
the wafer is then compensated and eliminated by the wafer 
transfer module mechanism shown in Figure 1. 

A furnace system constructed in accordance with 
one embodiment of the present invention is indicated 
generally by the reference numeral 21 in Figure 1. 

The furnace system 21 comprises a vertical furnace 
23/ a boat exchange unit 25, a cassette holder system 27, 
a wafer transfer module mechanism 29, and a controller 31. 

The construction of the wafer transfer module 
mechanism 29 is shown in more detail in Figure 2. 

The wafer transfer module mechanism includes a 
paddle 33 which is used to pick and to carry a wafer 35 in 
the course of transferring the wafer between a slot in a 
cassette 37 and a slot in a boat 39, as will be described 
in more detail below. 

In picking up and carrying a wafer 35 in the 
course of such a transfer, the paddle 33 is movable in a 
vertical (Z) direction and in a radial (R) direction and 
in a rotational (theta) direction as indicated by the 
respective Z, R and theta letters in Figure 1. 

The wafer transfer module mechanism 29 is used to 
transfer wafers both from the cassettes 37 to the boat 39 
and from the boat 39 to the cassettes 37. Wafers are 
transferred from the cassettes to the boat when the boat 
is being loaded with wafers to be heated in the vertical 
furnace 23. Wafers are transferred from the boat 39 back 
to cassettes 37 after the wafers have undergone a heating 
and/or processing cycle in the vertical furnace 23. 

In Figure 1 the boat 39 is shown in a wafer 
loading/unloading station. The boat 39 is supported at 
this station on a pedestal 40 by a turntable 41, and the 
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turntable is rptatable (by means of a drive motor 43 and 
associated pulleys and drive belts) to transfer a boat 39 
loaded with wafers through 180 degrees (as indicated by 
the block arrow in Figure 1) to a chamber 
loading/unloading station (indicated by the arrow 43 in 
Figure 1) directly in line with the vertical furnafce 23. 

An elevator 45 includes a. lift arm 47 which 
engages a lower flange 49 of a pedestal support for the 
boat 39 at the chamber load/unload station 43 and lifts 
the boat 39 through a door into the lower end of the 
vertical furnace 23 as illustrated in Figure 1. The 
elevator 45 includes an elevator drive motor 51 and 
rotatable lift screw 53 for raising and lowering the lift 
arm 47. 

The vertical furnace 23 comprises, in the 
embodiment shown in Figure 1, an internal heating chamber 
formed within an axially elongated, generally tube shaped 
member 55. This member 55 is, in the embodiment shown in 
Figure 1, made of quartz. 

Furnace elements 57 provide thermal heating of the 
heating chamber and the wafers 35 which are carried within 
the slots of the boat 39 within the heating chamber. 

At the end of the heating and, the elevator 45 
lowers the boat 39 from the vert ical . furnace 23 back down 
to the chamber loading/unloading station 43 on the 
turntable 41. 

The boat exchange mechanism 25 thus permits a 
continuous mode operation in which one boat 39 can be 
unloaded and loaded with wafers 35 while another boat 39 
is undergoing ; heating and in the vertical furnace 23. 

In a specific embodiment of the present invention 
the boat 39 is also made of quartz. 

As noted above, quartz and the coatings or 
deposits on the quartz are relatively easily chipped or 
flaked if hit by an edge of a wafer 35. And the silicon 
wafer and its coating are easily fractured if the edge of 
a wafer hits the boat or a cassette. 



Because of the small size and precision of the 
electronic circuits formed on the wafers 35, any foreign 
material (such as particles of quartz, silicon, or 
coatings) can cause problems with obtaining the desired 
yield of good circuits; and the occurence of such 
particulates must therefore be avoided. 

The problem of avoiding unwanted contact between 
the iedge of the wafer 35 and the sides of the wafer 
supporting slots in the cassettes or the quartz boat 39 is 
a significant problem because of the system tolerances 
that are involved in making the transfers of wafers 
between the cassettes 37 and the boat 39. The tolerances 
can result in the actual center of a wafer in a particular 
source being offset from the expected or calibrated center 
of a wafer at that particular source. The amount of the 
offset can be enough to cause the edge of a wafer to hit 
the edge of a destination if this offset is not detected 
and effectively eliminated by an appropriate adjustment of 
the paddle position in the course of transferring that 
wafer from it source to its destination. 

As noted above, the paddle 33 is movable in three 
coordinate directions for each wafer transfer. 

As illustrated in Figure 1, the wafers 35 to be 
loaded into a boat 39 prior to heating in the furnace 23 
are contained in a number of cassettes 37 of a cassette 
holder system 27. Each cassette 37 is supported on a 
related cassette support shelf 61. A number of shelves 61 
are supported by a related rod 63. Each rod 63 can be 
rotated through an angle (as illustrated by the block 
arrow in Figure 1) by a drive mechanism 65 to facilitate 
the loading and unloading of cassettes 37 into and out of 
the cassette holder system 27. 

Each cassette 37 holds a number of wafers 35 in 
individual slots within the cassette as illustrated in 
Figure 1. The slots in the cassette are vertically 
aligned, and the dimensional tolerances of the slot 
spacing are reasonably small tolerances so that in 
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calibrating the expected locations of the individual 
wafers within a particular cassette 37, it is usually 
sufficient to know the location of the center of a single 
cassette in a single slot such as, for example, the top 
slot. 

The wafers 35 are. inserted in the cassettes with 
flats at the back side of the cassette prior to the 
loading of a cassette 37 into the cassette holder system 
27. 

The quartz boat 39 has four guartz rods 71 as 
illustrated. Other quartz boats may have more than four 
rods* As best shown in Figure 4 each rod 71 is formed 
with a number of vertically spaced slots 73 for receiving 
and holding wafers 35. 

In loading a wafer 35 into a slot 73 the wafer 
should be moved into the slot without any contact betweem 
an edge of a wafer 35 and the sides of the slot 73. To do 
this, a wafer has to be at the right height Z, it has to 
be inserted the proper radial distance R, and the actual 
center of the wafer 35 on the paddle 33 has to be 
substantially linearly aligned with the desired center of 
the wafer as loaded in the boat and in the direction of 
radial movement R of the paddle 33. 

Once the wafer 35 has been inserted in a related 
slot 33, it is lowered gently until the lower surfaces of 
the slot engage and support the underside of the wafer 35. 

The vertical alignment of the slots 73 in the boat 
39 and the spacing between the slots are held to 
relatively small tolerances. Individual boats can, 
however, exhibit some variation in slot locations, the 
location of a boat on a pedestal or on the turntable can 
vary as boats are installed or replaced, and a boat can be 
subjected to some warpage because of the heating and 
cooling cycles it undergoes; so in the calibration of the 
location of the slots 73, it is desirable to calibrate the 
location of the top slot, a slot near the middle of the 
boat, and the bottom slot. 
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Figure 3 illustrates the steps involved in 
calibrating the locations of the centers of wafers in the 
top, middle, and bottom slots of a boat 39. The locations 
of the other slots in the boat are then determined by 
interpolation . 

The construction and mode of operation of the 
wafer transfer module mechanism 29 will now be described 
with particular reference to Figure 2. 

A vacuum line 81 is connected to the paddle 33 and 
to ports 83 in the upper surface of the paddle 33 so that 
the wafer 35 is held securely on the paddle 33 by the 
suction produced at the ports 83 when the paddle 33 
engages the undersurface of a wafer. The point at which 
this suction is exerted also gives an indication of the 
vertical position of a wafer at a particular location, and 
this information is supplied to the controller 31 as the 
vertical sensor information indicated by the corresponding 
legend in Figure 1. In the controller a selected 
increment is usually added to this signal information to 
produce a reference for the vertical level to be used when 
inserting a wafer back into this location, so as to 
provide adequate bottom and top clearance for the wafer 
with respect to the slot structure. 

The radial movement of the paddle 33 along a rail 
84 is produced by an R drive motor 85 and a related drive 
belt 87. The motor 85 is mounted on a support plate 89. 

The support plate 89 is rotatable on an axis 92 in 
the theta direction (as indicated by the block arrows in 
Figure 2) by a shaft 91. The shaft 91 is connected at its 
top end to the plate 89 and is mounted for rotation within 
a tube 93 by means of bearings at the top and bottom of 
the tube 93. One set of bearings 95 is shown in the 
broken away part at the lower end of the tube 93 in Figure 
2. 

The shaft 91 is rotated by a theta drive motor 97 
and related pulleys and drive belts as shown in Figure 2. 

The support tube 93 is in turn connected to a lift 
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arm 101 which slides on a rail 103 and which is driven in 
upward and downward directions by a drive screw 105. The 
drive screw 105 is rotated by a 2 drive motor 107 and a 
pulley and belt arrangement as shown in Figure 2. 

In a specific embodiment of the present invention 
the Z drive motor 107 , the theta drive motor 97 and the R 
drive motor 85 are stepper motors* 

It is an important feature of the present 
invention that the paddle 33 and an associated wafer 35 
are moved in all three coordinate directions in the system 
21 without any edge contact of the wafer with a related 
boat or cassette. 

The present invention accomplishes this by the use 
of sensors which are first used to calibrate the expected 
center of a wafer in each source and which then determine 
the actual center of a wafer on the paddle 33 in the 
course of each wafer transfer. 

It is a particularly important feature of the 
present invention that any lateral offset of the center of 
a wafer on the paddle with respect to the center of the 
paddle is measured and is then used to reposition the 
paddle 33 to effectively eliminate the offset. The paddle 
33 can then insert the wafer 35 into a destination (a slot 
in a boat or a cassette) with the actual center of the 
wafer on the true center location required for subsequent 
transfer of the wafer to the destination. Any error 
introduced during wafer pick-up is eliminated , and the 
system conser^^s all the available tolerances for the very 
critical waft delivery. 

As illustrated in Figures 1, 2 and 3, the wafer 
transfer module mechanism 29 includes an R sensor 111 
mounted on the support plate 89 in a position such that 
*/ the sensor 111 is actuated whenever the paddle^3 moves 
the back edge of a wafer 35 over and above the vertical 
line of sight of the R sensor 111. This R sensor thus 
enables the radial distance of the center of a wafer in 
either a slot in the boat or on a slot in a cassette to be 



13 



determined with respect to the vertical axis of the 
support tube 93 and the related rotatable shaft 91. When 
this distance is known, the controller 31 can then control 
the R drive motor 85 to move the. wafer this radial 
distance in inserting a wafer into or . retract ing a wafer 
from the related slot. 

As illustrated in Figure 1, Figure 2, Figures 5A- 
5C and Figures 6A-6C, the mechanism 29 includes a theta 
sensor 113. 

The theta sensor is mounted at a fixed position 
such that it can be used to detect both the side edges of 
the paddle 33 (see Figures 5A-5C) and the side edges of a 
wafer 35 carried on the paddle 33 (see Figures 6A-6C) • 

As illustrated in Figure 2, the theta sensor 113 
can be mounted on an arm 115 connected to the support tube 
93. 

During calibration the theta sensor is used (as 
illustrated in Figs. 5A-5C) to calibrate the line of 
center of the paddle 33 with respect to the axis of 
rotation 92 of the paddle 33 in the theta direction. 

As illustrated in Figure 5A when the paddle is 
rotated in a counter clockwise direction and the left hand 
edge of the paddle 33 passe? over the sensor 113 , this 
location of this edge of the paddle is detected by the 
sensor 113. 

As illustrated in Figure 5C when the paddle 33 is 
rotated in a clockwise direction and the right hand edge 
of the paddle 33 passes over the sensor 113 , this location 
of this edge of the paddle is detected by the sensor 113. 

The side edge locations of the paddle are 
expressed as angles thetai and theta2 respectively (as 
illustrated in the drawings), and the location of the line 
of center of the paddle 33 is therefore halfway between 
the angles thetaj. and theta2» 

It would, of course, be desirable if the paddle 33 
picked up each wafer with the actual center of the wafer 
completely aligned with the line of center of the wafer 
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paddle as determined above with reference to Figures 5A- 
5C. However, in actual practice, the center of the wafer 
will probably be laterally offset from the line of center 
of the paddle 33, and this amount of lateral offset can be 
enough to cause problems of the wafer edge hitting one or 
more of the slot surfaces with enough force to cause 
chipping or flaking of the particulate mater ial. The 
lateral offset must therefore be measured and must be 
compensated for in order to avoid such contact. The 
measurement and compensation for lateral offset of the 
actual wafer center with respect to the paddle center is 
also of concern when wafers are transferred from the boat 
to the cassette. The present invention also compensates 
for offset in this transfer operation. 

The lateral offset is determined twice. 

The first determination is made prior to operation 
in the course of calibrating the expected location of a 
wafer in a cassette (usually just the top slot, as noted 
above) and the expected location of wafers in the top, 
bottom and middle slots of a boat (as noted above) . 

The second determination of lateral offset is made 
during operation in conjunction with each transfer of each 
wafer from a source to a destination. 

With reference to Figures 6A through 6C, the 
paddle is first of all rotated in a counter clockwise 
theta direction (as illustrated in Fig. 6A) until the 
theta sensor 113 senses the left hand side edge of the 
wafer 35. At thi* point the angle thetaA is indicated by 
the sensor. 

The paddle 33 is then rotated in a clockwise 
direction (as indicated in Figure 6C) to sense the right 
hand side edge of the wafer 35, and the angle theta B is 
determined • 

The actual center of the wafer is then halfway 
between the two sensed angles. If the angle of this line 
of center of the wafer differs from the previously 
calculated angle of the line of center of paddle 33, the 
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controller 31 then rotates the paddle 33 in the proper 
angular direction to. eliminate the lateral offset between 
the center of the paddle and the center of the wafer 
carried on the paddle so that the wafer 35 can then be 
5 delivered to the related slot in the boat 39 or a cassette 
37 without any edge contact. 

In summary, an initial calibration is made for 
each cassette and each boat to determine the expected 
location of the center of each wafer in a related slot in 

10 the cassette or boat. In calibrating a cassette it is 
usually sufficient to calibrate just the location of a 
center of a wafer in the top slot of a cassette. In 
calibrating the boat, it is, as noted above, generally 
desirable to calibrate the top slot, a middle slot, and 

15 the bottom slot of the boat (as illustrated in Figure 3). 

The theta sensor 113 is then used to detect and to 
measure any lateral offset of the actual center of a wafer 
on the paddle 33 from the calibrated center, and the theta 
drive unit is driven in the proper direction to compensate 

20 for such lateral offset before the wafer 35 is inserted 
into a related slot in the boat or cassette. 

While we have illustrated and described the 
preferred embodiments of our invention, it is to be 
understood that these are capable of variation and 

25 modification, and we therefore do not wish to be limited 
to the precise details set forth, but desire to avail 
ourselves of such changes and alterations as fall within 
the purview of the following claims* 
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CLAIMS 

1 . A furnace for heating and/or processing wafers and 
comprising, a cassette having slots for holding wafers 
within the cassette, a boat having slots for holding wafers 
to be heated when the boat is loaded in a heating chamber, 
boat holder means for holding the boat at a wafer loading/ 
unloading station while wafers are transferred between the 
slots of a cassette and the slots of a boat, wafer transfer 
means for transferring wafers between the slots of a 
cassette and the slots of a boat, vertical chamber means 
having an open lower end through which the boat is inserted 
at the beginning of a heating and/or processing cycle and 
withdrawn at the end of the cycle, and elevator means for 
raising the boat into the vertical chamber means from a 
chamber loading/unloading station and for lowering the boat 
out of the heating chamber means back to the chamber 
loading/unloading station. 

2. The invention defined in Claim 1 wherein the elevator 
means pick up and return a boat at a chamber 
loading/unloading station which is at a location different 
from the location of the wafers loading/unloading station 
and wherein the boat holding means include a rotatable 
turntable which rotates to transfer a boat between the 
chamber loading/ unloading station and the wafer 
loading/unloading station. 

3- The invention defined in Claim 1 wherein the boat slots 
are vertically spaced apart and are substantially vertically 
aligned with one another and wherein the cassette slots are 
vertically spaced apart and substantially vertically 
aligned with one another and wherein the wafer transfer 
means include a paddle which is movable vertically to pick 
up and to carry a wafer during a transfer of the wafer between 
the boat and cassette and which is movable radially 
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into and out of the cassette and the boat and which 
is also movable in a circular arc in the course of making 
a transfer between a cassette and a boat. 

The invention defined in Claim 2 including radial 
sensor means for sensing the amount of radial movement 
of the paddle which is involved in withdrawing a wafer 
from a cassette or boat. 

5. The invention defined in Claim 2 including vertical 
sensor means for sensing the vertical position of a 
wafer in a slot of a boat or a cassette. 

6. The invention defined in Claim 2 including theta 
sensor means for sensing and measuring the amount of 
offset of the center of the paddle with respect to the 
center of a wafer carried on the paddle. 

7. The invention defined in Claim 2 including vertical, 
radial and rotational motor drive means for moving the 
paddle in respective vertical, radial and rotational 
directions and including controller means for controlling 
the actuation of the vertical, .radial and rotational 
motor means. 

8. The invention defined in Claim 7 including radial 
sensor means for sensing the amount of radial movement 
of the paddle which is involved in withdrawing a wafer 
from a cassette or boat, vertical sensor means for sensing 
the vertical position of a wafer in a slot in a boat 
or in a shelf of a cassette, theta sensor means for 
sensing and measuring the amount of offset of the center 
of the paddle with respect to the center of a wafer 
on the paddle, and wherein the sensor means are operatively 
associated with the controller means for establishing 
in three coordinates by calibration the expected center 
of a wafer in each shelf and in each slot and for also 
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compensating during the actual transfer for any lateral 
offset of the paddle center with respect to the wafer center 
by repositioning the paddle laterally by that amount of 
offset required so that any errors introduced during wafer 
pick-up are eliminated and the wafer transfer means conserve 
all of the available tolerances for the very critical wafer 
delivery* 

9» A furnace for heating and/or processing wafers and 
comprising, a vertical chamber, a boat constructed to hold a 
number of wafers to be processed in the chamber and shaped 
to be inserted into and withdrawn from the vertical 
processing chamber through a lower end of the chamber, 
elevator means for raising the boat into the chamber from a 
chamber loading/unloading station and for lowering the boat 
out of the chamber back to the chamber loading/unloading 
station, and boat exchange means for transferring a boat 
between the chamber loading/unloading station and a wafer 
loading/unloading station, said boat exchange means 
comprising a rotatable turntable constructed to support one 
boat at one location and to support another boat at a 
different location on the turntable so that one boat can be 
undergoing a loading/unloading operation of wafers in the 
boat at the wafer loading/unloading operation while the 
other boat can be undergoing a related loading/unloading 
operation of the boat into or out of the chamber at the 
chamber loading/unloading station. 

10. A furnace substantially as hereinbefore described with 
reference to and as shown in the accompanying drawings. 
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